A traditional view of patents and patenting shows a trade-off between the benefit of appropriation and the cost of information revelation. However, firms may benefit from information revelation to consumers because patents can provide credible information about the firm's ability to develop new technologies and produce good quality products. In fact, we frequently observe that many firms use their patents for promotion in a variety of industries, including foods, cosmetics, and electronic devices. We construct a simple model to study a usage of patents in promotion activities, a promotional patent, and investigate an advantage for a firm to employ a promotional patent. We make two findings. First, we find a positive information value of a promotional patent to a high-type firm. The benefit stems from an increase in the consumers' willingness to pay in two ways. The expected valuation to the consumers increases because i) the patented innovation directly improves the product quality and ii) the promotional patent increases a likelihood of the firm to be a high type. The firm then absorbs the increase of the expected valuation. Second, the information value to the high-type firm is non-monotonic. The information value increases (decreases) with a prior probability that a firm is a high type when the prior probability is low (high).
Introduction
A traditional view of patents and patenting shows a trade-off between the benefit of appropriation and the cost of information revelation 1 . In fact, inventors often hesitate 1 The basic concept of a patent is that a property right is granted to an inventor to exclude others from making, using, offering for sale, or selling the invention for a limited time in exchange for public disclosure of the invention when the patent is granted. In the economics literature, the optimal length and scope of patent protection have been analyzed. See, for example, Gilbert and Shapiro [1] , Klemperer [2] , Lerner [3] , and Scotchmer [4] . to apply for patents because inventors' knowledge may spill over to their competitors.
Horstmann et al. [5] suggest a mechanism how a firm's technical knowledge leaks to its competitor via a patenting behavior, and study the trade-off of patenting between its benefit and cost. They show that a leading firm keeps its invention confidential when patenting behavior reveals to the following firm that the following firm could profitably imitate the leading firm. Choi [6] argues that the patent system cannot provide perfect protection to innovators as empirical studies suggest, and shows that information revelation through infringement suits can be harmful for patentees. In his two-period model with costly imitation, there are two potential imitators, and the process of litigation reveals information about which competitors can profitably imitate the paten- However, inventors may often benefit from information revelation, because patents can provide credible information about inventors' attributes, which are hardly observable to outsiders, thereby relieving information asymmetry (Long [10] ). Mann and Sager [11] show a positive correlation between patents obtained by start-up firms in the software industry and total investment, and find that a single patent brings USD 2.7 million in investment into a start-up firm from venture capitalists, suggesting that patents serve as an indicator of a firm's higher performance. They also point out that patent signals do not work well in the initial funding round and that patent values increase in the consequent rounds. Similarly, Hsu and Ziedonis [12] study a relation between firm values and patents in the semiconductor industry. Contrary to Mann and Sager [11] , Hsu and Ziedonis [12] show that in earlier funding stages, when investors face uncertainty about the firm's performance, patents serve well as an indicator of the firm's performance, leading to more investments into the firm. This paper suggests a new aspect of the benefit from information revelation of patents 3 . That is, a firm can reveal its ability to develop new technologies and produce new products of good quality by using a patent for promotion. For example, Kirin Brewery Company obtained a patent, Process of Browning (Japan Patent No. 3836117), and mentioned the patented manufacturing process of its new low-malt beer in a TV commercial without explaining the technology in detail. Even if consumers do not understand how the new process contributes to the quality or taste of low-malt beer, they may believe that the taste of low-malt beer must be great just because of the fact that the new patented process is used for the product. In fact, we frequently observe that many companies use their patents for promotion in a variety of industries, including foods, cosmetics, and electronic devices. Using a questionnaire survey, the Institute of Intellectual Property in Japan shows that firms often use patents for demonstrating their advantage in performance to their competitors and their product's prominent functions to their customers (Institute of Intellectual Property [14] ).
We construct a simple model to study a usage of patents in promotion activities. A 2 The literature on imitation comprises many studies that look into imitation in a patent race. See, for example, Katz and Shapiro [7] , Dasguputa [8] , and Gallini [9] . firm with two types provides new products whose quality is either good or bad. The product quality is stochastically determined by not only the firm's type but also its production technology. The technology is either normal or innovative. The innovative technology is assumed to be protected by a patent. Consumers can observe neither the firm's type, the product quality, nor the production technology. However, if a firm employs a promotional patent, consumers become certain about the production technology because a patent provides a credible information about a firm's type to the consumers. The firm posts a take-it-or-leave-it offer as a price which is equal to the expected valuation to the consumers.
We make two findings. First, we find a positive information value of a promotional patent to the high-type firm. The benefit stems from an increase in the consumers' willingness to pay in two ways. The expected valuation to the consumers increases because i) the patented innovation directly improves the product quality and ii) the promotional patent increases a likelihood of the firm to be a high type. The firm then absorbs the increase of the expected valuation. Second, the information value to the high type firm is non-monotonic. The information value increases (decreases) with a prior probability that a firm is a high type when the prior probability is low (high).
The organization of the rest of this paper is as follows. Section 2 introduces the model and describes a situation where a firm does not use a promotional patent. Section 3 describes a situation in which a firm uses a patent in promotional activities if the firm has a patented innovation, and examines an advantage of a firm to employ a promotional patent. Section 4 provides concluding remarks and briefly discusses assumptions put in this paper. A direction of future researches is suggested as well in this section. The Appendix includes the proof of proposition.
The Model
We construct a simple model to study a usage of patents in promotion activities. A single firm introduces new products into a monopoly market with a continuum of identical consumers whose mass is normalized to one. The new products are of either good quality (henceforth, G) or bad quality (henceforth, B). Each consumer demands at most one unit, and worth of G and B products to consumers is one and zero, respectively. Two factors jointly and stochastically contribute to the product quality.
One is the firm's type and other is a production technology the firm owns to produce the new products. However, the product quality is assumed to be unobservable to the consumers.
The firm's type is either high (henceforth, H) or low (henceforth, L). The H type firm is more likely to produce the G products than the L type. The firm's type is the firm's private information, and that the consumers know only prior probability ( ) 0,1 r ∈ of the firm to be an H type, which is a common knowledge. The production technology is either innovative or normal. If the firm has invented an innovative technology through R & D activities, it uses the process innovation to produce the new products; otherwise, it uses an existing technology (i.e., a normal technology). We assume a higher likelihood of innovation for the H type firm. Specifically, the L type firm develops the process innovation with probability
whereas the H type succeeds in obtaining the innovative technology with certainty 4 .
The process innovation enhances a probability of the firm to produce the G products, but a likelihood differs between the firm's types. Table 1 shows probabilities that the firm produces the G products given the firm type and the production technology. We assume naturally 1 0 H≥ ≥ . Thus, the firm type affects the product quality not only directly but also indirectly through a production technology the firm develops through R&D activities.
The firm announces a price which is a take-it-or-leave-it offer. Then, the consumers buy the products if the price is at or below the expected valuation. We employ perfect Bayesian equilibrium as a solution concept in which the consumers hold a belief about the firm's type. In any equilibrium, however, a price offered by the firm does not reveal any private information because switching a price to imitate the other type is costless for the firm and thus both types should announce the same price. Moreover, the consumers cannot observe the production technology. In other words, the consumers meet no opportunity to update their belief about the firm's type. Consequently, the firm offers a price which is equal to the expected valuation to the consumers, which is given
The price is then accepted by the consumers.
Promotional Patent
This section considers the firm to use a patent in promotional activities. We refer to such a usage of a patent as a promotional patent. Suppose that the firm patents the process innovation (i.e., the innovative production technology) and then reveals the fact to the consumers by employing a promotional patent. As we discussed in the introduction part, employing such a promotional patent is prevalent in business situations. We assume that a promotional patent is costless because printing messages such as "patented" and patent number on product packages is inexpensive. A prominent feature of a promotional patent is to provide credible information about aproduc- 
On the other hand, if the consumers do not observe a promotional patent, the firm's type faced to them is an L for sure. Thus, they value the products at
By construction, these prices form a unique equilibrium which is described in the following proposition.
Proposition 1. Suppose that the firm employs a promotional patent whenever it patents a process innovation. In a unique equilibrium, the firm with a promotional patent offers a price which is equal to (2) whereas one without a promotional patent offers a price which is equal to (3) . Proposition 1 is by construction, thus we omit the proof. Proposition 1 suggests a benefit of a patent holder from employing a promotional patent because
The benefit is twofold. If the consumers observe a promotional patent, the expected valuation to them increases because i) the patented innovation directly improves the product quality (improvement effect) and ii) the promotional patent increases a likelihood of the H type firm (discrimination effect). Then, the firm absorbs the increase of the expected valuation. 
Note that
. The positive information value to the H type firm is indeed a benefit of a patent holder discussed above; thus, the information value to the H type firm increases with H q and 1 q . On the other hand, conditional on observing a promotional patent, the consumers assign a lower posterior probability with the H type firm for larger 0 q and ρ . First, it becomes more difficult for the H type firm to distinguish itself from the L type by using a promotional patent as ρ increases. Second, the advantage for the H type firm to distinguish itself from the L type 5 We assume that both types of firm employ a promotional patent with probability one if they invented and then patented an innovation. Even though a promotional patent is the firm's choice, the firm should optimally employ a promotional patent because it is costless. Thus, this assumption is for the sake of simplicity. Otherwise, it has a single peak in ( ) 0,1 . This case is illustrated in Figure 1 .
An impact of a prior probability on the information value of a promotional patent can be divided into two parts. We focus on the information value to the H type firm. By differentiating the information value The first term captures a negative impact of r on the information value. As we discussed previously, by observing a promotional patent, the consumers assign a higher posterior probability on the H type firm and thus increase the expected valuation to them. When a prior probability is low, observing a promotional patent has a significant impact on updating the prior probability to the consumers. However, as a prior probability increases, such an update of a prior probability becomes relatively insignificant in the sense that a difference of prior and posterior probabilities is small. That is, a function of a promotional patent to conveying an information about the firm's type becomes redundant and a discrimination effect dilutes; thus, the impact of r is negative.
The second term captures a positive impact of r on the information value. An increase in r implies a higher likelihood of the H type firm faced to the consumers. That is indeed a benefit of a patent holder as we saw above. In a case of ( ) 0,1 r ∈ , the information value to the H type firm increases with r up to r . That is, when r is small, a (small) increase in r enhances a firm's profit through a promotional patent. This may seem to imply that start-up firms have a stronger incentive to obtain patents for potentially using them in promotional activities. In fact, this discussion seems consistent with recent empirical evidence. This result seems consistent with recent empirical evidence. Aoki and Spiegel [15] reports that after the American Inventor's Protection Act of 1999, in the U.S., approximately 10% of all applicants opt-out of publication in order to keep their information confidential.
However, almost all individual applicants choose to disclose, implying that information 
Concluding Remarks
The literature emphasizes a cost of patenting that patents (or a patenting behavior) can leak an innovator's private information to its competitors. However, information revelation to consumers may potentially yield an advantage to a patent holder because patents provide a credible information about technical capabilities. Such a credible information alleviates information asymmetry that consumers are uncertain about the product quality. We investigate an advantage of using patents in promotional activities to which we refer as a promotional patent.
In our model, a firm with two types provides new products whose quality is either good or bad. The product quality is stochastically determined by not only the firm's type but also its production technology. The technology is either normal or innovative.
The innovative technology is assumed to be protected by a patent. Consumers can observe neither the firm type, the product quality, nor the production technology.
However, if the firm employs a promotional patent, the consumers become certain about the production technology. The firm posts a take-it-or-leave-it offer as a price which is equal to the expected valuation to the consumers.
We focus on a situation in which a firm has been awarded a patent; in other words, a patenting decision is already done. Thus, our model ignores a cost of employing a promotional patent, i.e., it is a sunk cost. However, by taking a firm's patenting decision into consideration, we can show the trade-off between the cost and benefit emerged from employing a promotional patent and then can evaluate it more precisely. A more sophisticated model is required for the purpose. This research may have an important implication for understanding why firms obtain many useless or insignificant patents. As well known, most of patented innovations have little significance measured by citations and financial returns on investment, which is shown as extreme skewness in distributions or significance (Silverberga and Verspagen [17]). However, patents create a benefit for a patent holder even if they have little contributions to technological progress and monopoly profit, which is discussed in this paper. The presence of such a benefit might solve this puzzle.
More work remains for the future research. Although a prior probability of a firm to have a high technological capability (i.e., high type) is exogenous in our model, it may be an interesting question how a firm invests in different intellectual property rights, specifically patents and trademarks, for a usage in promotional activities. As for our results, a benefit from employing a promotional patent increases with a likelihood of high type when the likelihood is small. This result may potentially imply that start-up firms can enjoy a positive synergy emerged from investing on trademarks as well as patents; that is, trademarks directly enhance sales regarding an increase in a likelihood of high type and indirectly benefit the start-up firms through an increase in an information value of a promotional patent. The interesting topic is, however, beyond the scope of the current work. 
Appendix: Proof of Proposition 2
Proof. By differentiating (4) with respect to r, we have 
Define ( ) ( ) ( 
